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Introduction
The bis(trifluoromethane sulfonyl) imide anion (TFSI or (CF 3 SO 2 ) 2 N − ) can be used in different applications depending on the nature of the associated cation, i.e. metallic or organic. When the TFSI anion is associated with a metal such as lithium, the blend of the corresponding salt with a polymer matrix was largely used as a solid or gel electrolyte for lithiumpolymer batteries. [1] [2] [3] [4] Moreover, the association of this anion with cations such as imidazolium, pyrrolidonium, and pyridinium attached to a polymer backbone gave rise to a highly interesting family of polymeric ionic liquids (PILs). 5, 6 On the other hand, the neutral derivatives of TFSI have also been used in synthetic organic chemistry. For instance, (CF 3 SO 2 ) 2 N-H is considered as a strong Brønsted acid and applied as a catalyst for organic reactions, 7, 8 while the N-fluoro derivative (CF 3 SO 2 ) 2 N-F is a powerful reagent for electrophilic fluorination. 9, 10 The derivatives of TFSI have also been used as protonexchange membranes for fuel-cell application. 11, 12 Interest in the TFSI salt and its derivatives is mainly due to their properties induced by the presence of the CF 3 SO 2 group. 13 Indeed, the strong electron-withdrawing effect of this group enhances the acidity of the hydrogen in (CF 3 SO 2 ) 2 N-H and ensures a large delocalization of the negative charge. For these reasons, (CF 3 SO 2 ) 2 N − M + exhibits a high ionic conductivity and good resistance to oxidation. In the field of solid polymer electrolytes (SPEs) designed for lithium batteries, many polymer/lithium salt systems have been considered. However, to date the most widely studied and used system consists of a mixture of LiTFSI dissolved in an aprotic polymer matrix of poly(ethylene oxide) (PEO). In such binary salt-polymer systems, the ionic conductivity could be high above the melting temperature of PEO but the Li + transference number, that gives the proportion of the current carried by Li + ions, remains very low (t + < 0.2), 14 leading under current to the formation of an ionic concentration gradient that limits substantially the power performances. To avoid this problem, the anions were covalently attached to the polymer backbones to form single-ion conductor copolymers with a lithium transference number close to unity. 15, 16 However, these solid polymer electrolytes (SPEs) exhibit a low conductivity mostly owing to the low level of ionic dissociation of carboxylates 15 or borates. 16 The use of block copolymers as SPEs to combine in the same material the two antagonistic properties (mechanical and conductivity) was firstly proposed by Sadoway et al. 19 Since this study, interest in block copolymers as SPEs for lithium batteries has continuously grown. Block copolymers can be prepared by different methods, but the living/controlled polymerization is the only way, which allows the synthesis of block copolymers with a well-defined structure. The development of reversible-deactivation radical polymerization (RDRP) techniques in the past two decades has largely promoted the synthesis of block copolymers. Furthermore, RDRP is more tolerant to protic functional monomers than anionic or group transfer polymerization techniques, and can be run in many conventional solvents over a wide range of temperatures. [20] [21] [22] [23] [24] Taking advantage of the charge delocalization character of STFSI and the very interesting electrolytes obtained with a monomer bearing STFSI anion, we were encouraged to develop new monomer structures containing a STFSI side group, namely methacrylate and acrylate based monomers. Prior to performing the preparation of block copolymers devoted to SPEs for lithium batteries, we first investigated the aqueouspolymerization of three monomer derivatives of styrene, methacrylate and acrylate (Scheme 1) using the NitroxideMediated Polymerization (NMP) technique. This investigation is crucial to ensure that the polymerization reaction is well controlled and produces well-defined water-soluble polymers.
All aqueous polymerizations were carried out using an SG1-based alkoxyamine bearing a carboxylic acid function (socalled MAMA-SG1 or BlocBuilder MA, Scheme 1). In its basic form, the carboxylate function confers water solubility to the alkoxyamine and thus allows various water-soluble monomers to be polymerized by NMP in homogeneous aqueous solution.
It is well known now that the NMP of methacrylate monomers using MAMA-SG1 alkoxyamine can be performed in a controlled manner by adding a small amount of co-monomer such as styrene, 25 In the present work, potassium methacrylate-STFSI was copolymerized with potassium styrene-STFSI as a comonomer. To illustrate the features of a controlled polymerization process, kinetic studies were performed and the molar masses of the collected samples were analyzed by size exclusion chromatography with DMF/LiBr as the eluent. The thermodynamic behavior of the prepared water-soluble polymers was also characterized by using differential scanning calorimetry (DSC).
Experimental section

Materials
Sodium 4-styrenesulfonate (SSNa, >90%), 3-sulfopropyl methacrylate potassium salt (MASPK, 98%), 3-sulfopropyl acrylate potassium salt (ASPK, >99%), oxalyl chloride (>99%), triethylamine (TEA, >99%), anhydrous acetonitrile (ACN) and anhydrous N,N-dimethylformamide (DMF) were purchased from Aldrich. Trifluoromethanesulfonamide (TFSA) was received from TCI Europe. SG1 (85%) and alkoxyamine based on SG1 derived from methacrylic acid (MAMA-SG1, >99%, trade name BlocBuilder MA) were kindly supplied by Arkema. All the above commercial chemicals were used as received. Sodium MAMA-SG1 was obtained after the deprotonation of the MAMA-SG1 alkoxyamine with sodium hydroxide, as described previously. 33 All solvents and other reagents were synthesis grade and used without further purification. glass-transition temperature, T g , was determined from the second heating cycle of the DSC thermograms. Size exclusion chromatography (SEC) experiments were performed on a Varian PL-GPC 120 apparatus, which was composed of a PL-AS-MT autosampler, an Agilent 1100 series pump, a degasser, an injection valve, a column oven and a refractive index (RI) detector. The following columns were used: one pre-column and two PL Resipore columns (300 mm × 7.8 mm). The injection loop, the columns and the RI detector were in the same oven thermostated at 70°C. The eluent was a solution of 0.1 M LiBr in N,N-dimethylformamide filtered through a 0.45 μm nylon membrane and the flow rate was fixed at 0. 7 
Synthesis of potassium 3-sulfonyl(trifluoromethane sulfonyl) imide propyl acrylate, ASTFSIK
Oxalyl chloride (2.40 mL, 28.3 mmol) and N,N-dimethylformamide (0.50 mL) were added dropwise under argon to a three-necked round bottom flask containing anhydrous acetonitrile (30.0 mL) at 0°C. The mixture was stirred for 1 h at room temperature. Then, the solution was chilled down to 0°C and potassium 3-sulfopropyl acrylate (5.00 g, 21.6 mmol) was added into the solution under argon. The resulting solution was continuously stirred at 0°C for 3 h and 2 h more at room temperature to achieve the formation of 3-(chlorosulfonyl) propyl acrylate. Then a solution of trifluoromethanesulfonamide (2.66 g, 1.79 × 10 −2 mol) and triethylamine (6.80 mL, 4.91 × 10 −2 mol) dissolved in acetonitrile (10.0 mL) at 0°C
under argon was added to the 3-(chlorosulfonyl) propyl acrylate solution. The reaction mixture was allowed to react at 0°C for 2 h and then at room temperature for 16 h under argon. The reaction mixture was filtered off and the recovered white solid was washed with acetonitrile. The filtrate was concentrated under vacuum then dissolved in dichloromethane and washed successively with a saturated NaHCO 3 solution, a solution of 1 M chloride acid and a saturated NaCl solution, dried over MgSO 4 , filtered and evaporated under reduced pressure. The product was obtained as amber oil (5.20 g, 68% yield). To the cold solution of triethylammonium-3-sulfonyl(trifluoromethane sulfonyl) imide propyl acrylate (3.00 g, 7.04 × 10
mol) in 30 mL of acetonitrile (30.0 mL) was slowly added potassium carbonate (1.94 g, 1.41 × 10 −2 mol). After the complete addition of K 2 CO 3 , the mixture reaction was allowed to react at 0°C to room temperature for 4 hours. The solution was then filtered and the filtrate was concentrated under vacuum. The yellowish solid was recrystallized from hot dichloromethane. The mixture solution was then kept at −20°C for 3 h. The obtained solid was washed with cold n-pentane and dried under vacuum to obtain a white solid (60% yield .
Synthesis of potassium 3-sulfonyl(trifluoromethane sulfonyl) imide propyl methacrylate, MASTFSIK
A similar procedure to the synthesis of ASTFSIK was used to prepare MASTFSIK. In this case, 3-sulfopropyl methacrylate potassium salt was used instead of 3-sulfopropyl acrylate potassium salt. The product was obtained as a white powder (60% yield 
General procedure for the NMP of different anionic monomers
Anionic monomer, SG1 and distilled water were placed in a three-neck flask equipped with a reflux condenser and a magnetic stir bar. The mixture was purged for 30 min with argon at 40°C to remove oxygen. In parallel, the water-soluble alkoxyamine, sodium MAMA-SG1 was dissolved in 2 mL of distilled water and degassed by bubbling argon for 20 min at room temperature. This alkoxyamine solution was transferred, via a cannula, to the degassed monomer solution. The mixture was heated to appropriate temperature according to the monomer nature. The [SG1]/[MAMA-SG1] ratio was between 5% and 10%, and the monomer concentration in the polymerization mixture was varied from 10 to 30 wt%. For kinetic studies, samples were collected from the reaction mixture at given time intervals. Conversion and molecular weights were determined by 1 H NMR spectroscopy and LiBr-DMF SEC, respectively. Because of the poor solubility of SSTFSIK in water, this monomer was converted to the lithium salt and then polymerized in diluted solution at 10 wt%. For the polymerizations of acrylate-STFSIK and methacrylate-STFSIK, targeted molar masses (M n ) of anionic polymers at 100% conversion were targeted at 30 000 g mol −1 , while that of styrene-STFSILi was targeted at 40000 g mol −1 .
Results and discussion
Monomers design and synthesis
Three vinyl monomers based on styrene and methacrylate and acrylate monomers functionalized with a sulfonyl(trifluoromethane sulfonyl) imide group were prepared (Scheme 1). These monomers were selected with the aim to elaborate thereafter single-ion block copolymer electrolytes for lithium batteries. By varying the composition and the structure of the investigated block copolymers, our motivation was to tune their corresponding electrolyte properties such as thermal stability, chain mobility and conductivity performance. The synthesis of SSTFSIK was first described by Armand 35 and readapted by other authors. 8, 34, 36 4-Vinylbenzenesulfonyl chloride, as an intermediate compound, was synthesized and reacted in situ with trifluoromethanesulfonamide in the presence of triethylamine to yield a viscous liquid. Cation exchange of the liquid with an excess of LiOH in methanol yields the lithium styrene-STFSI derivative. A high purity product can be obtained after washing the solid with n-pentane and cold dichloromethane. The formation of the lithium styrene-STFSI monomer was proven by 19 F NMR with a singlet at −77.81 ppm, to be compared with the signal of the starting compound trifluoromethanesulfonamide CF 3 SO 2 NH 2 , which is at −79.32 ppm.
1 H, 7 Li and 13 C NMR were also used to characterize the structure of SSTFSILi (Fig. S1-S3 †) . The synthetic route for potassium methacrylate-STFSI and potassium acrylate-STFSI is depicted in Scheme 2. The corresponding 3-sulfopropyl (meth)acrylate potassium salts are commercially available and were converted into sulfonyl chloride derivatives upon reaction with oxalyl chloride in the presence of DMF as the catalyst (Vilsmeier-Haack reaction). The intermediate chloride products were then reacted with trifluoromethanesulfonamide in the presence of an excess of triethylamine. The use of an excess of triethylamine ensures the obtention of all monomers in their triethylammonium salt form avoiding the obtention of a mixture of salt and acid forms. The last step consisted of an ionic exchange of the triethylammonium ion with the potassium ion. This step was performed by using K 2 CO 3 instead of Li 2 CO 3 or LiOH used in the synthesis of SSTFSILi. Indeed, the basicity of the latter is too strong and may induce the hydrolysis of the (meth)acrylate ester bond. The global yield was typically close to 60%. Each compound was characterized by 1 H, 19 F, 13 C NMR and HRMS.
The 19 F NMR spectra of the purified monomers (Fig. S4 †) showed a shift of the characteristic signal of the trifluoromethyl group before and after the reaction. The combination of this result and those of other analyses indicates the formation of the right products. 1 H and 13 C NMR spectra are shown in the ESI (Fig. S5-S8 †) .
Aqueous NMP of different anionic monomers bearing a sulfonyl(trifluoromethane sulfonyl) imide group
The NMP of hydrophilic monomers has been very seldom performed in aqueous solution. We found only a few examples available in the literature 28, 30, 33, [37] [38] [39] [40] and among them only five articles 28, 33, [38] [39] [40] that describe the use of SG1 nitroxide. In these studies, the considered monomers were either neutral monomers (acrylamide, N,N-dimethylacrylamide, poly(ethylene glycol) methyl ether methacrylate) 33, 38, 39 or anionic monomers (sodium 4-styrenesulfonate, methacrylic acid). 28, 33, 40 Anionic monomers with a sulfonyl(trifluoromethane sulfonyl) imide group have never been investigated in aqueous medium using RDRP and we barely know if this kind of functional monomer could be polymerized in a controlled manner. Then the first aim of this work was to follow the polymerization kinetics and to determine the most appropriate conditions for achieving polymerization with all the controlled features. All characteristics of the obtained polymers are summarized in Table 2 .
Aqueous NMP of lithium 4-styrenesulfonyl(trifluoromethane sulfonyl) imide
Conventional radical polymerization of potassium or sodium 4-styrene sulfonyl(trifluoromethane sulfonyl) imide using recently demonstrated that SSTFSIK could be polymerized with DMF as the solvent by the RAFT method to yield a homopolymer with low dispersity (Đ = 1.02) at high monomer conversion (98%) for a polymerization time of 14 hours. In the present study, lithium styrene-STFSI was polymerized at 90°C in dilute aqueous solution (10 wt% of monomer) using sodium MAMA-SG1 as the initiator in the presence of 5 mol% of free SG1 nitroxide compared to alkoxyamine. It was demonstrated that the addition of free SG1 allows one to obtain better control of hydrophilic monomers polymerization in terms of kinetic evolution and dispersities. 33 To support that the NMP of Li styrene-STFSI was well-controlled, a complete kinetic study for a target M n of 40 000 g mol −1 at full conversion was performed. Fig. 1 49, 50 However, since the self- ) for the NMP of lithium styrene-STFSI in aqueous solution at 90°C using sodium MAMA-SG1 as the initiator in the presence of 5 mol% of free SG1.
Polymer Chemistry Paper
This journal is © The Royal Society of Chemistry 2016 . Depending on the polymerization system, the propagation can take place in the first mode or could happen in both modes and in certain cases; the presence of the persistent species has no influence and the kinetics vary with time as t 2/3 . There are relatively few experimental studies that have investigated the effect of free nitroxide concentration on the NMP. Becer et al. 51 in a systematic kinetic screening have studied the influence of the concentration of free nitroxide SG1 (0-10 mol% with respect to the initiator) on the NMP of styrene and tert-butyl acrylate. They found no significant effect of the introduction of a slight excess of free nitroxide for the styrene polymerization; however, the polymerization rate of tert-butyl acrylate was reduced with the increasing SG1 concentration. For an initial concentration of SG1 introduced in the polymerization medium ≥1 mol% with respect to the initiator, ) as a function of t. In this case, the addition of at least 10 mol% of Cu(II) in the initial mixture is needed to neglect the persistent radical effect.
To further characterize the control of the chain growth polymerization, evolution of the theoretical and experimental M n values was plotted (Fig. 2a) . The experimental M n values increased linearly with monomer conversion and the molar mass distributions were narrow as attested by the dispersity values. However, the experimental M n values evaluated from the SEC calibration curve established with polystyrene standards were considerably higher than the expected ones. According to the principle of the SEC technique, the determination of the polymer molecular weight is based on the hydrodynamic volume of the polymer in the mobile phase. DMF used for the SEC mobile phase is considered as a "poor" solvent for PS but as a "good" solvent for poly(styrene-STFSI), it means that PS is poorly solvated and poly(styrene-STFSI) is well solvated in DMF. Considering the two polymers with a similar length, the hydrodynamic volume of PS will be smaller than that of poly(styrene-STFSI). This explains why we obtained the experimental M n values for poly(styrene-STFSI) which were higher than the expected values. The SEC traces (Fig. 2b) show the continuous shift to smaller retention volumes with the increasing reaction time and are all unimodal with no evidence of the presence of high molecular weight polymers that may be indicative of uncontrolled polymerization and/or termination reactions. These data show clearly the controlled nature of the aqueous NMP of lithium styrene-STFSI using MAMA-SG1 as the initiator. However, some tailing is observed at high elution volume of the SEC chromatograms, probably coming from the interactions between the polymer chains and stationary phase. Aqueous NMP of potassium 3-sulfonyl(trifluoromethane sulfonyl) imide propyl methacrylate
Apart from the synthesis of a specific nitroxide exclusively devoted to methacrylate monomers, 53 the NMP of methacrylate monomers using nitroxide agents is difficult to achieve due to a too high equilibrium constant for the propagation step and/ or undesired side reaction. 20, 54, 55 To favor the formation of stable chain-end alkoxyamine and obtain a controlled/living system, methacrylate monomers are usually copolymerized with a comonomer, which is well controlled by NMP. The NMP of hydrophilic methacrylate monomers was generally carried out in organic solvent solution such as dioxane, dimethylsulfoxide or ethanol. There is only one paper that describes the nitroxide-mediated copolymerization of hydrophilic methacrylate monomers in water solution. 28 In this study, the authors succeeded to control the SG1-mediated polymerization of methacrylic acid performed in water solution at 76°C and in the presence of less than 10 mol% of sodium 4-styrenesulfonate. In the present work, potassium methacrylate-STFSI was copolymerized with potassium styrene-STFSI in water solution with a monomer content of 20 wt%, using sodium MAMA-SG1 as an alkoxyamine initiator and in the presence of 10 mol% of free-SG1 nitroxide. The initial molar fraction of potassium styrene-STFSI was chosen at 0.2 and polymerization reactions were performed at 65°C and 75°C. For the copolymerization performed at 65°, we observed polymerization kinetics to be extremely slow with a retardation period up to 80 min (Fig. S9 †) . During this period, neither of the two monomers was polymerized. From 80 min to 300 min, we observed nevertheless the linearity of ln([M] 0 /[M]) when plotted versus t 2/3 , however, SEC chromatograms (not shown here) of these samples did not exhibit any shifts toward higher molar masses. When the polymerization was performed at 75°C for a target M n of 30 000 g mol −1 at full conversion, we observed that the reaction was fast. Indeed, conversions close to 100% were reached within 100 min (Fig. 3a) .
) of individual monomers was also plotted versus t 2/3 with the aim to check the controlled character of the polymerization (Fig. 3b) . As can be seen in Fig. 3b , ln([M] 0 /[M]) versus t 2/3 was almost linear for potassium styrene-STFSI and potassium methacrylate-STFSI at least until 70 min. However, at this time, the conversion of SSTFSI-K was quasi-complete (>92%) and about 60% for the overall monomer conversions. After the complete disappearance of the styrene monomer in the polymerization mixture, the control of methacrylate polymerization was lost. Indeed, to ensure good control of the methacrylate monomer the polymerization mixture must always contain at least 7-10 mol% of comonomer. 25, 56 Below 60% overall monomer conversions, the M n increased linearly with monomer conversion ( Fig. 4a) and dispersity values were low (Đ < 1.2). Like for the polymerization of SSTFSI-Li discussed above, the experimental M n values, derived from the calibration curve established with PMMA standards, were above the expected data. However, the difference between the experimental M n values and the expected ones is now considerably reduced compared to the case of poly(styrene-STFSI) since DMF is considered as a "theta" (quite good) solvent of PMMA. The controlled character of the polymerization was further attested by the shift of the SEC chromatograms with the polymerization time (Fig. 4b) . The SEC peaks corresponding to the polymerization time of 100 min and 130 min were superimposed with the large distributions of molar masses indicating the loss of polymerization control. From these results, it undoubtedly appeared that the SG1-mediated copolymerization of potassium methacrylate-STFSI and potassium styrene-STFSI under the employed conditions was fast and ill-controlled above 60% overall monomer conversion.
Aqueous NMP of potassium 3-sulfonyl(trifluoromethane sulfonyl) imide propyl acrylate
In comparison with hydrophilic styrene or methacrylate monomers, hydrophilic acrylate monomers and anionic acrylate derivatives have been the subject of a limited number of studies. As far we are aware, there have been only a few reports of the polymerization of anionic acrylates by living radical polymerization in aqueous media and they were mainly from RAFT polymerization. 57, 58 In the present work, potassium 3-sulfonyl(trifluoromethane sulfonyl) imide propyl acrylate was polymerized at 100°C in water solution using sodium MAMA-SG1 as sodium MAMA-SG1 alkoxyamine. The reaction temperature was chosen based on our previous work on the NMP of the cationic acrylate monomer. 33 Polymerization was performed with a target M n of 30 000 g mol −1 , a monomer concentration of 30 wt% in water and in the presence of 7 mol% of free SG1 to initiator. In all cases, the polymerization reactions proceeded smoothly with reaction kinetics following ln
) as a function of t 2/3 (Fig. 5b) . Monomer conversion was lower compared to styrene and methacrylate derivatives although the reaction temperature and monomer content were higher (Fig. 5a ). The SEC chromatograms of the produced polymer shifted steadily to a lower elution volume with increasing monomer conversion (Fig. 6a) . The evaluation of the molar masses from the calibration established with PMMA standards indicated low dispersity values (Đ < 1.2) and molar masses increased linearly with conversion (Fig. 6b) . However, the apparent M n values are higher than the theoretical values based on conversion, as the polymer standard is not appropriate and also because of the difference of solvation between the polymer standard and the analyzed polymer in the mobile phase as well as the possible interactions between the polymer chain and the stationary phase.
Thermodynamic behavior of water-soluble polymers bearing a sulfonyl(trifluoromethane sulfonyl) imide group
The thermodynamic behavior of the prepared polymers was studied by differential scanning calorimetry (DSC). For this purpose, samples were heated between 40°C and 250°C for styrene and methacrylate based polymers and between −90°C and 150°C for acrylate based polymers. DSC traces of these polymers are shown in Fig. S10 and S11. † We found that the T g of the homopolymer lithium PSSTFSI was 172°C, which is in good agreement with those reported in the literature. For example, the lithium PSSTFSI synthesized by free-radical polymerization presents a T g value of about 152°C, 34, 41 however Long et al. have noted that T g varied significantly depending on the choice of the counterion; in particular, voluminous cations or divalent cations lead to polymer networks with a higher T g . 41 Recently, Hadziioannou et al. showed that PSSTFSIK samples obtained by RAFT polymerization exhibited also high T g values which increased from 179°C to 239°C as the polymer molar masses varied from 6000 g mol −1 to 80 000 g mol −1 . 42 The poly(SSTFSIK-co-MASTFSIK) copolymer exhibits two T g values at 132°C and 174°C with a high heat flow amplitude for the first T g . The observation of two T g values suggests that the copolymer is not random but rather a gradient copolymer with a rich part of methacrylate and a rich part of styrene. Thus, the first T g was attributed to PMASTFSIK and the second, close to the T g value observed for PSSTFSILi previously, to PSSTFSIK. As expected for the polyacrylate back- bone, the T g value of the PASTFSIK homopolymer was much lower than those observed for styrene and methacrylate based polymers, which was 17°C. However, one can note that thermal transition took place on a very large temperature domain. By comparison with the corresponding polystyrene and poly( propyl (meth)acrylate), all the studied water-soluble polymers bearing a sulfonyl(trifluoromethane sulfonyl) imide group exhibit higher T g values (50°C to 80°C) due to strong electrostatic interactions between the potassium or lithium STFSI groups. These anionic polymers with their interesting thermodynamic behavior will probably give rise to the good block copolymer electrolytes for lithium battery when they associate with a ionic conductor block.
Conclusion
Besides higher performance batteries, safer battery technologies are the next major issues in the battery industry. For this purpose, we have recently developed single-ion solid block copolymer electrolytes. 17 In order to gain more information on such kinds of electrolytes and improve their performances, other anionic monomers bearing a sulfonyl(trifluoromethane sulfonyl) imide group, namely potassium propylmethacrylate-STFSI and potassium propylacrylate-STFSI, were successfully synthesized with good yield (60%) and fully characterized by 1.2 ). In the case of the methacrylate-based monomer, 20 mol% of the styrene based monomer was required to reach good polymerization control. The NMP in water yields well-defined polymers with methacrylate, styrene and acrylate based water-soluble monomers at 75, 90, and 100°C, respectively. The obtained protocol will be usefully applied in the preparation of block copolymers devoted to SPE for lithium batteries. Furthermore, these anionic polymers show a higher glass transition temperature compared to their neutral analogous polymers. The thermodynamic behavior of these anionic polymers once associated with the PEO block should lead to interesting solid electrolytes for lithium batteries. 
